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Abstract 
  In this paper, Eu doped Y2O3 nanophosphors are prepared at temperature 600oC by the combustion method. X-ray diffraction 
patterns confirm the formation of pure cubic phase of Y2O3.Electroluminescence of Eu doped Y2O3 has been investigated at 
different voltages by sandwitching the thick films between the conducting glass plate and aluminium electrode. Conducting 
transparent electrode has been obtained by depositing SnO2 layers over heated glass substrate. AC voltage of different 
frequencies was applied and EL intensity was measured with the help of photomultiplier tube. The intensity of EL increases with 
increasing voltage. PL decay characteristics of the Eu doped Y2O3 nanoparticles in the form of powder were measured. 
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1. Introduction 
Electroluminescence is a non-thermal generation of light resulting from the application of an electric field to a 
substance. Electroluminescence is the phenomenon being subject of interest to many researches. During several 
decades many papers were devoted to the phenomenon. The light emission from silicon carbide crystals excited by 
an applied voltage was first reported by Lossev in 1923 [1]. In 1936 Destriau made the electroluminescent cell based 
on zinc sulphide [2]. At the end of fifties years Thornton was started work on the electroluminescent devices with 
vacuum deposited semiconductor layer [3]. In the seventies much attention has been paid to doubly insulated AC 
thin electroluminescent devices for at panel display [4, 5]. In 1990 many researches have focused on polymer light-
emitting diodes [6]. They are rather concerned with spectral, electrical and chemical properties of the diodes. In the 
present paper we are concerned with the voltage and frequency dependent EL emission (Brightness) characteristics 
of the prepared sample investigated. 
 
Y2O3 is widely used as a host for various lanthanide ions and such phosphor materials are used in various display 
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devices .Phosphor material in the nanoparticle form has many advantages over bigger and micron sized particles. 
Two important advantages are the reduced electron penetration depth and subsequently lower excitation voltage [4], 
which give rise to higher luminescent efficiency and better resolution for display devices. The Y2O3 is also 
characterized by low phonon frequencies causing the inefficient nonradioactive relaxation of the excited states. The 
Y2O3: Eu have been known as excellent phosphor materials used in both trichromatic lamps, and projection colour 
television with high brightness. 
A number of studies have been reported on the luminescent properties of Y2O3:RE(Rare earth)  nanoparticles and 
luminescence was found to depend strongly on the nature of the synthesis method and condition employed.[4,6-8] 
We have also studied the Thermoluminescence (TL) and Mechanoluminescence (ML) of Eu doped Y2O3 
nanophosphor [7] , and Photoluminescence (PL) and Electroluminescence(EL) of the Eu,Tb  codoped   of the Y2O3 
[8]. In this paper, we obtain the Y2O3: Eu nanocrystalline phosphors by combustion method. The present paper deals 
with the Electroluminescent properties as well as the photoluminescent decay of  Eu doped Y2O3  were measured. 
To the best of our knowledge, no study has reported powder electroluminescence properties and PL decay 
characteristics of the Eu doped Y2O3 nanoparticles in the form of powder. 
 
2. Experimental work  
2.1 Prepration technique 
 
Eu-doped Y2O3  nanophosphors were prepared by the combustion synthesis method using europium oxide (Eu2O3) 
(99.99%, Sigma Aldrich),  yttrium oxide (Y2O3) (99.99%, Sigma Aldrich),nitric acid (HNO3) and urea (CO(NH2)2 
as the starting raw materials. Eu-doped samples were prepare by mixing Y(NO3)3 and Eu(NO3)3 according to the 
formula (Y1−xEux)2O3 (x =0.01–0.07).  A suitable amount of urea was added to the mixture of the corresponding 
nitrate solution keeping urea to metal nitrate molar ratio as 2.5. The corresponding mixture was then dissolved 
properly to achieve a uniform solution. Finally this sample was transferred to crucible and heated by introduced into 
muffle furnace at 600oC. The synthesis reaction was as follows  
 
(2-2x) Y (NO3)3 + 2x RE (NO3)3   +5NH2CONH2 Æ(Y1-xREx)2O3+5CO2+8N2+10H2O. 
 
 2.2 Characterization of the sample 
 
A number of experimental techniques are employed to yield structural information of prepared samples. In present 
investigations, all the sample were characterized by Transmission electron microscopy (TEM) and X-ray techniques 
(XRD), Scanning electron microscopy (SEM). X-ray diffraction of the prepared phosphors was recorded in a wide 
range of Bragg angle 2θ using a Bruker D8 advanced X-ray diffraction (XRD) measuring instrument with Cu target 
radiation (λ = 0.154 056 nm). The Fourier transform infrared (FTIR) spectra were recorded in the wavenumber 
range 4000–400 cm−1 using a Shimadzu FTIR spectrometer. TEM of the prepared phosphors were done by using 
Philips CM10 microscope. SEM of the prepared phosphors were done by using Zeiss EVO40 microscope. EL 
intensity was measured with the help of photomultiplier tube. The afterglow intensity and decay curves were 
obtained at room temperature using a brightness meter. 
Before decay curves measurement, each sample was exposed to standard UV lamp for 10 minutes. 
 
2.3 Preparation of the Electroluminescence (EL) cell 
 
For the study of EL of the sample the EL cell is prepared by a triple layer structure namely a nanocrystals emission 
layer, sandwiched between two electrode. One of the electrode has to be transparent for generated light to come out. 
This transparent electrode has been prepared by depositing thin film of SnO2 layer by chemical vapor deposition on 
clean glass substrate heated to 500oC When  SnCl2.2H2O (Stannous Chloride) was thermally heated then it  
decomposed in atmosphere into Sn and Cl as given in following  steps 
 
SnCl2----------ÆSnCl+Cl----------Æ Sn+Cl 
 
, after reaction with oxygen from air, form SnO2 and HCl, and hence, conducting metal oxide layer is deposited on 
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the heated glass plate surface. The glass plates with resistance less then 100 ohms/cm were used in investigation. 
 
El cell was prepared by placing a mica sheet, having small window of size 2x3 mm over the SnO2 coated glass 
which behaves as first electrode .Nanoparticles of rare earth doped Y2O3 were placed and then fixed inside the 
window and aluminium foil was pressed tightly, which behaves as second electrode. The layer of nanoparticle 
should be uniform and thin. This system behaves as EL cell. The A.C electric field is applied between these two 
electrodes. 
 
2.4 EL Measurements 
 
Fig 1 . EL Setup 
 
The arrangement for the measurement of EL is shown in fig (1).The EL brightness is measured by photomultiplier 
tube (PMT) operated at high voltage and output fed to a nanometer. The EL excitation source was an low distortion 
audio generator coupled with an electroluminescence power supply(wide band amplifier).For EL studies, a 
particular frequency is set in the  audio generator  and voltage applied to the EL cell was increased from 0 to 500 
volts and corresponding  EL brightness were recorded.  
3 Results and Discussion 
3.1 Structural characterization 
 
 
 
Fig 2.  XRD OF Y2O3: Eu (3 mole %) 
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Fig (2) shows the XRD pattern of the Y2O3: Eu (3 mole %). The XRD pattern of all the sample indicate 4 diffraction 
peaks of cubic structure at 2θ=29.12o, 33.78o, 48.50o and 57.63o corresponding to (2 2 2), (4 0 0), (4 4 0) and (6 2 2) 
.The peak positions of the entire specimen showed (2 2 2) peak with highest intensity in the XRD patterns. All the 
XRD peaks could be indexed to the cubic phase of Y2O3 (JCPDS No. 411105) with space group Ia3 (206).The 
crystalline size has been estimated from the broadening of the first diffraction peak using Debye-Scherrer formula 
R=Kλ/βCosθ, Where R is crystallite size ,K is constant ,θ is Bragg angle, λ is wavelength and β is Fullwidth at half 
maxima(FWHM) of the peak .The average particle size of the Y2O3:Eu sample has been obtain 60 nm.  
 
        
 
Table 1:Structural parameter of the Y2O3:Eu phosphor 
 
   3.2 Fourier Transform Infrared Spectroscopy (FTIR) 
 
The FTIR spectra fig (3) consist mainly three parts: the first part, with a broad peak  at around 3440 cm-1,due to O-H 
vibration; the second part ,showing  peaks at 1518 cm-1,1405 cm-1 and 842 cm-1,due to C-O asymmetric stretching  
and deformation, due to absorption of CO2 ;and the third part at 572 cm-1,assigned to the absorption  of Y2O3. 
Overtone or combination band located in the range 2000–1667cm-1 . 
 
 
 
Fig 3 FTIR spectra of Y2O3: Eu (3 mole %) 
3.3 Scanning Electron Microscopy (SEM) 
 
Sample Peaks 2θ(deg) FWHM h,k,l d(nm) a(Ao) Particle 
size(nm) 
Y2O3:Eu 
(3 mole %) 
I peak 29.16 0.59 -2,-2,-2 3.06 10.60 60 
II peak 33.79 0.46 -4,0,0 2.65 
III peak 48.54 0.54 -4,-4,0 1.87 
IV Peak 57.63 0.71 -6,-2,-2 1.60 
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Fig 4 SEM picture of Y2O3:Eu(3 mole%) nanophosphor 
 
Fig (4) represents the SEM image of the Y2O3: Eu (3 mole %) nanophosphor. For Y2O3: Eu (3 mole %) made by 
combustion method a spongy-like structure is clearly seen. The SEM observations show that the size distribution 
was broad and particles are agglomerated and form a continuous network. 
 
3.4 Transmission Electron Microscopy (TEM) 
 
 
 
Fig 5 TEM image of Eu doped Y2O3 ( 3 mole%) 
 
 
Fig (5) represents the TEM image of Eu doped Y2O3 (3 mole%). TEM was carried out at an accelerating voltage 200 
KV. The resulting sample produced by combustion method, is dense/filled particles. And a perfect spherical 
morphology with a mean size of 100 nm is found for Eu doped Y2O3. 
 
3.5 Photoluminescence Decay (PL deay) 
 
The afterglow intensity and decay curves were obtained at room temperature for Y2O3: Eu phosphor shown in fig (6) 
.Before decay curves measurement, each sample was exposed to standard UV lamp for 10 minutes. 
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Fig.6: PL decay curve of Eu doped Y2O3(3 mole%) 
 
Y2O3:Eu phosphor firstly showed a rapid decay and then long decay afterward. We can observe that the decay 
kinetics of Sample Y2O3: Eu is fast, which relates to the trap depth of the material. We can qualitatively tell from the 
TL spectrum that Y2O3 :Eu phosphor has only one major maximum in TSL curve at wavelength 613 nm (Eu3+ 
emission) [7], which is a sign of an effective phosphor, but glow peak is above RT, which means that it’s trapping 
centres are located close to the conduction band for the electrons them to be easily taken up by thermal energy and 
the recombination could occur. That is a reason for fast luminescence decay kinetic. 
Calculation of decay constant   for Y2O3:Eu  
 
The decay constant was calculated using the following formula 
  Decay constant (T)=t2-t1/2.303(LogI1-Log I2) 
 
  (1) Fast decay constant = .48 ms 
  (2) Slow decay constant = 5.60 sec 
 
3.6 Electroluminescence (EL) 
 
The Electroluminescence (EL) was observed for Y2O3:Eu nanophosphor and their brightness have been recorded at 
various frequencies and voltage have been studied. 
The voltage (V) dependence of the EL brightness (B) of Y2O3:Eu(3 mole %) nanocrystals for different frequencies 
of the applied electric field(shown in fig 7) .It is observed that light emission starts at a threshold voltage and then it 
increases with increasing value of the applied voltage. The brightness was observed between 300 volts to 700 volts 
for Y2O3:Eu (3 mole%) at different frequencies ( from 290 Hz to 340 Hz). The electroluminescent efficiency 
depends on the carrier life time of the injected charge carriers.  
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Fig 7 EL brightness curve of Eu doped Y2O3 for different  frequency 
 
Although a number of empirical and theoretical relations have been proposed .The relation for for the voltage 
dependence of the EL brightness or emission intensity from the EL cell may be given by[9], the relation  
B=Bo exp (-b/√V) 
 
 
 
Fig 8. Plot of Log B versus 1/√V 
 
Where Bo and b are constants, which depend on the temperature and frequency of the applied voltage and also on 
the size of the EL cell [10]. The dependence of the EL brightness on the square root of the applied voltage is 
normally explained on the basis of electron acceleration-collision mechanism. In the present investigation such as B 
on V can be seen in fig 8, which shows the plot of log B versus 1/√V.  
 
 
 
Fig.9 Voltage current charecteristics of the Eu doped Y2O3 (3 mole %) 
 
The voltage current charecteristics of the Y2O3 doped with Eu (3 mole%) at frequency 310 Hz is shown in fig 9 .It is 
clear from the observation made that as the input voltage increases there is continous increase in the current .In the 
present study linear relation is obtained between  voltage and current. This indicates the ohmic nature of impedance. 
I-V property of the devices depend on the strength of the electric field. In this model carriers tunnel through barrier 
at the nanoparticle and electrode interface under the influence of electric field. 
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Fig 10 EL brightness curve of Eu doped Y2O3 for different voltage 
 
 Fig 10 shows the frequency dependence of the EL brightness (B) of the Y2O3: Eu(3 mol %) nanophosphors  for 
different voltage  of the applied electric field and it is found that on increasing the frequency of the input signal ,EL 
brightness increases . This increase in the brightness is due to the application of an a.c electric field to the sample. In 
one cycle of the applied field sample gets exposed twice to the peak value of the electric field, emitting two quanta 
by the luminescence center per cycle. 
As the frequency F increases, the number of emitting  quanta  also increases. The increase in EL brightness with 
frequency can also be understood on the basis that emptying and refilling of EL centers take place more rapidly with 
increase in frequency.  
The frequency response of EL can be accounted for on the basis of the relation [11]. 
Ne=Ne∞ (1-e-t/τe) 
Where  Ne is the number of the electrons being released from the traps and reaching  the conduction band at any time 
t, τe is the effective time constant for the recombination of electrons released from traps ,Ne∞ is the value of Ne for 
t=∞. 
As Ne∞ increases with frequency, initially the EL brightness increases with frequency. However, at higher 
frequencies, the time period of the applied a.c. voltage becomes less than τe and there fore, non linearity occurs in 
the brightness versus frequency plot. 
 
4 Conclusions 
 
The preparation of RE doped Y2O3 nanophosphors for different concentration of doping material using a 
combustion method appears to be more feasible for production. The study has revealed that Y2O3:Eu is a good 
luminescent material and shows PL as well as EL. The Y2O3 belong to the most stable lumniphors  which can accept 
a large,  optically active RE concentration and can withstand the high  fields needed to provide hot carriers for 
impact excitation of the  RE ions in ELDs. Decay constant of Y2O3 : Eu3+  (3 mol %)  is (i) fast decay is .48 ms/nm 
and (ii) slow decay constant is 5.60 sec/nm. From PL decay curve, the Y2O3:Eu phosphor represent the fast 
luminescent decay kinetics. 
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